The clinical and laboratory findings in an asymptomatic 19-year-old Welshman with congenital dyserythropoietic anaemia (CDA) type III are described. The blood film showed macrocytosis and red cell fragmentation and there was biochemical evidence of intravascular haemolysis. The bone marrow showed erythroid hyperplasia, megaloblastic erythropoiesis and several giant multinucleate erythroblasts. Some mononucleate erythroblasts were large and had relative DNA contents of 4-8c and the bi-and multinucleate erythroblasts had total DNA contents of 2-16c. Some of the multinucleate erythroblasts displayed a variety of ultrastructural abnormalities, including marked differences in the appearances of the individual nuclei within the same cell. The marrow cells gave a normal deoxyuridine-suppressed value indicating that the megaloblastic changes were not caused by an impairment of the methylation of deoxyuridylate. The rates of incorporation of '4C-glycine and '4C-adenine into both the DNA and RNA of bone marrow cells were within the normal range. Furthermore, the average rate of elongation of newly-synthesised, 3H-thymidine-labelled daughter DNA strands, assessed by hydroxyapatite chromatography of alkali-denatured DNA was found to be normal. The results suggest that there is no impairment of DNA replication in the majority of the erythroblasts and that the abnormality of erythropoiesis resulted from disturbances during mitosis and the G2 phase.
Congenital dyserythropoietic anaemia (CDA) type III is very rare and has only been reported in a few families.' 4 This disorder is characterised by a macrocytic anaemia, normal granulocyte and platelet counts, megaloblastic erythropoiesis in the absence of vitamin B12 or folate deficiency and the presence in the marrow of some large uninucleate erythroblasts with big, lobulated nuclei and of many giant multinucleate erythroblasts. The disease runs a protracted and relatively benign clinical course. In the present paper we describe the clinical and haematological features of a new case of CDA type III-the first to be reported from the British Isles. In addition, we present the results of studies into (i) the ultrastructure and proliferative characteristics of the erythroblasts and (ii) some aspects of the biochemistry of DNA synthesis in the bone marrow Accepted for publication 24 February 1982 1103 cells of this case. The investigations of DNA synthesis were undertaken in an attempt to understand the biochemical basis underlying the megaloblastic change in this disease and have not been performed by previous workers.
Material and methods

CASE REPORT
A 19-year-old carpenter's apprentice (case GD) was rejected as a blood donor in June 1980 because his haemoglobin was too low. He had donated blood on one occasion nine months previously. He felt perfectly fit, only took alcoholic drinks occasionally and was not on any drugs. There was, however, a history of anaemia and jaundice during the first year of life and he had attended a paediatric clinic regularly up to the age of five. Unfortunately, his outpatient records could not be traced. There was no family history of anaemia. The only abnormal findings on clinical examination were very mild cutaneous icterus, and a firm, enlarged spleen which was palpable about 8 cm below the left costal margin. The liver edge was also palpable and firm.
The results of a blood count were: Hb 11P9 g/dl, RBC 3-23 x 1012/1, PCV 0 343, MCV 104 fl, MCH 36-6 pg, MCHC 35 0 g/dl, reticulocytes 0 07 x 1012/1, WBC 7-7 x 109/l, platelets 230 x 109/l. The blood film showed macrocytosis together with a moderate degree of red cell fragmentation (Fig. la) contained 3 and 4% contained 4 nuclei per cell (Fig.  I b ). An occasional erythroblast contained 5-9 nuclear masses. There were also some giant mononucleate erythroblasts. Most of the bi-and multinucleate cells consisted of early or late polychromatic erythroblasts but a few consisted of basophilic erythropoietic cells. Sometimes the two nuclei within a binucleate cell or two or more of the nuclei within a multinucleate cell were joined together by a narrow strand of chromatin or appeared to be stuck together over a wide area of contact. The two or more nuclear masses present within multinucleate erythroblasts were rounded in outline and equal in size and staining characteristics in some cells, but were irregular in shape, unequal in size or, very occasionally, different in their staining characteristics in others. Other abnormalities affecting some erythroblasts included coarse basophilic stippling of the cytoplasm, the presence of multipolar mitotic spindles and karyorrhexis of interphase nuclei. Several giant erythrocytes were present. Granulocyte precursors and megakaryocytes displayed normal morphology. There was no stainable iron in the marrow fragments.
The mother and sister of case GD were haematologically normal, but his father attended a sarcoid clinic and was known to have an enlarged spleen. The father has not been investigated haematologically.
SPECIAL STUDIES OF MARROW CELLS
The patient was treated with 5 mg folic acid bd for 1 week prior to the studies on the bone marrow cells.
Cell cycle distribution ofmarrow cells This was determined using the method of combined Feulgen microspectrophotometry and 3H-thymidine autoradiography as described previously. 
Discussion
The haematological features of our patient are similar to those of patients classified by Heimpel and Wendt" as congenital dyserythropoietic anaemia (CDA) type III. 1-4 However, a substantial degree of intravascular haemolysis has not been described in previously reported cases although these have shown an absence of haptoglobins. In the present case, the haemolysis was associated with a reduced haptoglobin concentration, methaemalbuminaemia and a slight to moderate degree of haemosiderinuria and appeared to result from the fragmentation of the macrocytic red cells. Splenomegaly was found in our case as well as in the case reported by Goudsmit et al3 but was absent in those described by Wolff and von Hofe' and Bergstrom and Jacobsson.2 A difference between the present case and that described by Goudsmit et al3 is that bi-and multinucleate basophilic erythropoietic cells were much more frequent in the latter than in the former. The primary biochemical defect in patients with CDA type III is unknown and there is no information as to whether the differences observed between different patients with this type of CDA indicate differences in the nature of the primary defect or not.
In the patient reported here, 3-6% (normal 0-0 9) of the mononucleate polychromatic or orthochromatic erythroblasts with DNA contents including and below the G2 value appeared to have become arrested after progressing through part of the S phase. Furthermore, there was an excess of these cells in G2 when compared with the number in S, so that the S:G2 ratio was 3 3 (normal 6-8-13 7). The latter suggests an impairment in the progress of cells through G2 and indeed some G2 cells were seen to be undergoing karyorrhexis. The multinucleate erythroblasts of the present case had DNA contents of 2-16c and some of the mononucleate cells had total DNA contents of4-8c. These DNA values are similar to those found in the case reported by Clauvel et al4 but are lower than those in the patient studied by Wickramasinghe and Goudsmit' in which the corresponding values were 2-40c and 4-20c, respectively. The detailed studies of the cell cycle distribution and ultrastructure of the erythroblasts of case GD suggested that the bi-and multinucleate erythroblasts and the morphological diversity within these cells resulted from various combinations of the following processes: (i) acytokinesis, (ii) multipolar mitosis, (iii) the acquisition of hypertetraploid DNA contents in some nuclei (by endoreduplication of DNA, endomitosis, or the fusion of two or more nuclei), (iv) the absence of DNA synthesis in one or more of the nuclei within a DNA-synthesising multinucleate cell, (v) the loss of one of the nuclei from a multinucleate cell and (vi) karyorrhexis.
A variety of ultrastructural abnormalities were found in the multinucleate erythroblasts of case GD and these were qualitatively similar to those described in two other cases of CDA type III.5 1213 Some of the erythroblasts of case GD were found within the cytoplasm of bone marrow macrophages, providing direct evidence of ineffective erythropoiesis. 
